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Hepatitis E virus recombinant genomes transcribed in vitro from
two cDNA clones differing by two nucleotides were infectious for
chimpanzees. However, one cDNA clone encoded a virus that was
attenuated for chimpanzees and unable to infect rhesus monkeys.
The second cDNA clone encoded a virus that infected both chim-
panzees and rhesus monkeys and caused acute hepatitis in both.
One mutation differentiating the two clones identified a cis-
reactive element that appeared to overlap the 3� end of the capsid
gene and part of the 3� noncoding region. Capping of the RNA
transcripts was essential for infectivity.

Hepatitis E virus (HEV) is an unclassified nonenveloped
virus that is a major cause of acute hepatitis in many

developing countries (1). HEV is usually transmitted via the
fecal–oral route, often by drinking contaminated water. The
virus was first identified in the feces of an experimentally
infected volunteer in the former Soviet Union only 18 years ago
(2). The genome from a Burmese strain was the first to be
substantially sequenced (3), followed by that of a genetically
diverse strain from Mexico (4). Initially only two genotypes,
represented by many Asian strains and the single Mexican strain,
were recognized. The discovery of virus of a third genotype in
swine in the U.S. led to more extensive investigation world-wide
and resulted in the discovery of additional strains in developed
countries, including the U.S., where the disease is rare, as well
as in developing countries, where epidemics and sporadic cases
often occur (5). On the basis of sequence analysis of full-length
genomes, four genotypes are generally recognized, but analysis
of partial sequences suggests these may be subdivided into as
many as nine groups (6). Swine are naturally infected with HEV,
and a U.S. strain of swine virus was shown to cross species
barriers and infect primates (7). Many other animal species have
serological evidence of infection, suggesting HEV may be
zoonotic (8–10, ††).

HEV has a positive-sense RNA genome of 7.2 kb, which
contains three ORFs encoding putative nonstructural proteins
(ORF1), a capsid protein (ORF2), and a very small protein of
unknown function (ORF3) (3). The ORF1 sequence has a motif
that is characteristic of a methyltransferase (11), suggesting that
the genomic RNA is capped, because this activity and guanyl-
transferase activity are responsible for adding m7GTP to the 5�
terminus of mRNA to yield the cap structure m7GpppX. A cap
structure has been indirectly identified on HEV genomes by both
immunological (12) and molecular techniques (13), and a re-
combinant HEV protein was shown to have methyltransferase
and guanyltransferase activity in vitro (14).

HEV has not been reproducibly grown in cell culture, but the
virus in clinical samples has been used to infect primates.
Macaques (rhesus and cynomolgus monkeys) have been the most
frequently studied animal models; chimpanzees are also suscep-

tible to experimental infection with HEV (15). Animals infected
with HEV can develop hepatitis, as demonstrated by elevation of
serum liver enzymes and appearance of histopathological
changes in the liver. The severity of the hepatitis appears to
depend on the initial viral load, and a low dose of virus can infect
without causing overt disease (16). Viremia does occur, and virus
can be detected also in bile and feces. The development of
antibody to ORF2 or ORF3 protein can be used to diagnose an
infection (17). The incubation period until seroconversion is
�3–5 weeks in rhesus macaques inoculated intravenously with
105.5 50% monkey infectious doses (18). Clinical signs normally
appear at approximately the time of seroconversion.

Recently it was reported that transfection of cultured Hep G2
cells with noncapped RNA transcripts from a full-length cDNA
clone of an Indian strain of HEV resulted in productive repli-
cation (19). However, RNA transcripts from the cDNA clone
were not infectious for rhesus monkeys when inoculated intra-
hepatically, as has been done successfully for other positive-
sense RNA viruses. When medium harvested from the trans-
fected Hep G2 cells was inoculated into a rhesus monkey, the
monkey became infected with HEV. Sequence analysis of the
virus recovered from the monkey apparently was not performed
to confirm that the virus infecting the rhesus monkey originated
from the cDNA clone. The incorporation of a cap structure onto
the in vitro synthesized transcripts before transfection was not
attempted.

We have constructed two variants of a full-length cDNA clone
of the Pakistani (Sar-55) strain of HEV that differ by two
nucleotides and have tested in vitro synthesized transcripts from
each for their ability to initiate an infection in rhesus monkeys
and chimpanzees after intrahepatic inoculation. Capped and
uncapped transcripts of one of these clones were compared for
infectivity by intrahepatic transfection of chimpanzees.

Methods
Construction of HEV cDNA Clones. The consensus sequence of the
Sar-55 strain was determined by direct analysis of uncloned
reverse transcription–PCR (RT-PCR) products amplified from
the viral genome; it differed at five positions from that deter-
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mined by Tsarev et al. (20) (GenBank accession no. M80581)
from cloned fragments. Standard molecular techniques were
used to assemble a full-length cDNA clone of the Sar-55 strain
from cDNA fragments that were produced by RT-PCR. The 5�
terminus of the encoded genome was engineered to conform to
the sequence determined by Zhang et al. (13). This was done by
inserting a T7 promoter between the XbaI site in the plasmid and
the 5� end of the HEV genome so that transcription by T7
polymerase would result in synthesis of the exact 5� terminus of
HEV. Although this manipulation introduced a second T7
promoter into the plasmid (the one present in the original vector
was at the 3� end of the genome just downstream of the site used
for template linearization), the second T7 promoter did not
interfere with transcription of the HEV genome. The HEV
genome was ligated into the pBlueScript SK(�) vector (Strat-
agene) between XbaI and EcoRV sites in the polylinker. A BglII
restriction site for template linearization was engineered into the
clone between the 3� terminus of the HEV sequence and the
EcoRV site in the plasmid polylinker. The first cDNA clone
(pSK-HEV-3) differed from the previously reported nucleotide
sequence at eight positions and from the newly determined
consensus nucleotide sequence at four positions (nucleotides 286
and 4396 in ORF1, nucleotide 7106 in ORF2 nucleotide 7181 in
3� noncoding). The deduced amino acid sequence was identical
to that of the consensus sequence. The T mutation at position
7106 was replaced with the consensus nucleotide G and the C at
7181 was replaced with T to yield clone pSK-HEV-2 (GenBank
accession no. AAF444002).

In Vitro Transcription. Plasmid DNA was amplified in Escherichia
coli and purified with a Qiagen (Chatsworth, CA) MaxiPrep kit.
Template DNA was linearized with BglII. In the first experi-
ments, the linearized DNA was treated with Exo VII to remove
nucleotide overhangs, but this step was subsequently omitted.
Capped pSK-HEV-3 RNA (inoculated into rhesus monkeys 407
and 471 and into chimpanzees 1603 and 1609) and pSK-HEV-2
RNA (inoculated into chimpanzee 96A007) were synthesized
with mMessage in vitro transcription kits (Ambion, Austin, TX).
A typical 100-�l reaction contained 5–7.5 �g linearized tem-
plate, 10 �l of 10� transcription buffer, 50 �l of 2� capping
dNTP mix, 5 �l of 30 mM GTP, and 10 �l of T7 RNA polymerase
mix. To compare uncapped and capped RNAs for infectivity, the
MEGAscript high-yield transcription kit (Ambion) was used
instead of the mMessage kit. A 100-�l capping reaction con-
tained 10 �l each of 75 mM ATP, CTP, and UTP, 10 �l of 15
mM GTP, 15 �l of 40 mM m7G(5�)ppp(5�)G cap analog
(Ambion), 10 �l of 10� T7 Reaction Buffer, 5 �g of linearized
pSK-HEV-2, and 10 �l of T7 enzyme mix. The components for
synthesizing uncapped transcripts were identical, except that the
cap analog was replaced with water, and 10 �l of 75 mM GTP
rather than 15 mM GTP was used. The reaction tubes in each
case were incubated at 37°C for 2 h to permit transcription.
Transcription reactions were diluted with 4 volumes of calcium-
and magnesium-free PBS and immediately frozen on dry ice,
then stored at �80° for up to 3 days.

Intrahepatic Transfection. Rhesus monkeys (Macaca mulatta) and
chimpanzees (Pan troglodytes) were housed at Bioqual (Rock-
ville, MD). The housing, maintenance, and care of the animals
met or exceeded all requirements for primate husbandry.

Diluted transcription mixtures were thawed and, guided by
ultrasound, were inoculated percutaneously into multiple sites in
the liver (21). The rhesus monkeys and chimpanzees inoculated
with the pSK-HEV-3 transcripts and chimpanzee 96A007 inoc-
ulated with the pSK-HEV-2 transcripts were each injected with
1 ml of diluted transcription mixture. The other animals receiv-
ing pSK-HEV-2 transcripts (Rh 622, Rh 624, and chimpanzees
1619, 1620, 1622, and 1627) each received 600 �l of diluted

transcripts. Animals were bled weekly, and serum levels of
isocitrate dehydrogenase (ICD) and alanine aminotransferase
(ALT) were determined by standard methods (Anilytics, Gaith-
ersburg, MD). Baseline levels were calculated as the geometric
mean of three weekly samples collected at week zero and before
inoculation: serum enzyme levels �2 times background were
considered elevated and indicative of hepatitis. Antibody to
HEV was detected by an in-house ELISA based on recombinant
Sar-55 ORF2 protein as previously described, except that the
ORF2 protein was more highly purified (22, 23). Percutaneous
needle biopsies of the liver were obtained weekly and read under
code by a pathologist (S.G.). Histopathology scores of 1� to 4�
were assigned to denote mild to severe hepatitis, respectively.

Genome Quantification. RNA was extracted from serum samples
with Trizol reagent (Life Technologies, Gaithersburg, MD) and
from 10% fecal suspensions in PBS, pH 7.4. HEV genome titer
was quantified by Taqman RT-PCR (PE Biosystems). The
Taqman assay was standardized with in vitro transcripts of a
Sar-55 cDNA clone that were metabolically labeled by incorpo-
ration of 3H-UTP. The assay could detect HEV RNA with a
sensitivity of 1–10 genomes�ml.

Sequence Analysis. RT-PCR products amplified from serum or
feces were purified on agarose gels and sequenced directly with
an automated sequencer to yield the consensus sequence. Sec-
ondary structures were predicted with the program MFOLD.

Results
Transcripts from pSK-HEV-3 Were Infectious for Chimpanzees but Not
for Rhesus Monkeys. The cDNA clone pSK-HEV-3 contained the
consensus sequence of the Sar-55 strain except for four intro-
duced mutations that did not change the predicted amino acids.
Capped transcripts synthesized in vitro from this cDNA were
tested for infectivity by intrahepatic inoculation into the liver of
rhesus monkeys 471 and 407. Rhesus monkeys were chosen
because they are very susceptible to infection by the Sar-55
strain, and much is known about the natural history of the virus
in these animals (15, 18, 22). Although rhesus 407 had elevated
serum liver enzymes during 1 week, neither monkey developed
antibody to HEV, and the viral genome was not detected in sera
by a sensitive manual RT-PCR assay (Table 1), indicating that
neither rhesus monkey was demonstrably infected.

Because rhesus monkeys are susceptible to infection by many
HEV strains, including the Sar-55 strain, and because we have
successfully infected both tamarins (hepatitis A virus) and chim-
panzees (hepatitis C virus) by the intrahepatic transfection tech-
nique, the failure to infect with HEV transcripts suggested that the
cDNA clone did not encode an infectious virus (24, 25). However,
we had not previously attempted intrahepatic transfection of rhesus
monkeys, and it was conceivable that unknown technical problems
made it impossible to use the technique in this species. Because the
transfection procedure has been validated in chimpanzees, and
because they are also susceptible to infection with HEV, the
transfection was repeated exactly as before, except two seronegative
chimpanzees rather than macaques were inoculated

Although neither animal developed elevated serum liver
enzyme levels indicative of hepatitis, each inoculated chimpan-
zee developed antibody to HEV at week 14 posttransfection,
indicating that infection had occurred (Table 1). The first
chimpanzee, chimp 1609, had low-level viremia (four to five
genomes�ml), which occurred during the 2 weeks preceding
seroconversion. Liver histopathology was negative except for
biopsies taken the 2 weeks before viremia: they were scored as
1�, suggesting mild hepatitis. Two different regions of the HEV
genome, amplified by RT-PCR from serum obtained at week 13,
were sequenced. The sequence of the first product (165 nucle-
otides) confirmed that the silent mutation introduced into the
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cDNA clone at nucleotide 286 in ORF1 was still present and
proved that the infecting virus originated from the cDNA clone.
However, the sequence of the second RT-PCR product, 224 nt
in length, indicated that the mutations introduced at position
7106 in ORF2 and at 7181 were retained but that the nucleotide
at position 7144 (in the 3� noncoding region) had mutated from
a C to an A. The second chimpanzee, chimp 1603, experienced
viremia at week 13, but the titer was only 2 genomes�ml. Liver
histopathology in this animal was normal for all samples col-
lected weekly during weeks 0–15. The region encompassing
nucleotide position 7106 could not be amplified from the serum
but was amplified from feces collected from chimp 1603 during
week 13. Sequence analysis indicated that the introduced G to T
mutation at 7106 and the T to C mutation at 7181 were retained
throughout the infection but that the nucleotide at position 7097
had mutated from a G to an A. Although this mutation occurred

in the region encoding ORF2 protein, it did not change the
predicted amino acid.

Transcripts Containing a Reversion of the 7106 Mutation Encoded a
More Virulent Virus. Although the successful infection of chimpan-
zees demonstrated that the cDNA clone pSK-HEV-3 encoded an
infectious virus, the prolonged time to seroconversion suggested
that the virus was attenuated for chimpanzees. Comparison of the
sequence of the cDNA clone and those of other HEV genomes
indicated that the nucleotides introduced into pSK-HEV-3 at
positions 286 and 4396 and 7181 were naturally present in some
other genotype 1 strains and were, therefore, most likely not
detrimental. In contrast, the T introduced at position 7106 was
unique to the pSK-HEV-3 cDNA clone and was located in a highly
conserved region of the genome. In all other sequences published
to date, this position contained either a G or an A (Fig. 1).

Table 1. Intrahepatic transfection of primates with recombinant HEV genomes: Summary

Transcripts Animal*
Peak post�pre-ALT,†

week
Peak genome
titer,‡ week

Week of
seroconversion

7,106 mutant§

(capped) Rh 471 1.5 (1) ** Not infected¶

Rh 407 2.3 (5) ** Not infected¶

Ch 1609 1.4 (14) 5 (12) 14
Ch 1603 1.4 (11) 1.7 (13) 14

7,106 wild type�

(capped) Rh 624 4.8 (5) 16,890 (5) 5
Rh 622 2.2 (7) 126 (7) 8
Ch 96A007 2.7 (4) 72 (3) 5
Ch 1620 1.4 (6) 18 (5) 6
Ch 1619 2.0 (8) 10 (5) 7

7,106 wild type�

(uncapped) Ch 1622 1.5 (14) ** Not infected¶

Ch 1627 1.0 (9) ** Not infected¶

*RH, rhesus; Ch, chimpanzee.
†Ratio of highest ALT to geometric mean of three pretransfection values.
‡Per milliliter of serum (Taqman RT-PCR).
§pSK-HEV-3 (G mutated to T at position 7,106; T mutated to C at position 7181).
¶Seroconversion not detected in 20 weeks of followup.
�pSK-HEV-2.
**Not done.

Fig. 1. Sequence alignment of 3� region of HEV genomes. Numbering corresponds to sequence of pSK-HEV-2. A dot denotes identity, and a dash denotes a
deletion.
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The unique T at position 7106 was corrected to the consensus G
to produce a second cDNA clone (pSK-HEV-2) that was identical
to the first except for this one difference and that at 7181: capped
transcripts from the modified clone were inoculated into the liver
of chimpanzee 96A007. The chimpanzee developed hepatitis as
indicated by a 2.5-fold rise in the serum ALT level at week 4 (Table
1), but the liver histology remained normal. The animal serocon-
verted to anti-HEV at week 5. Viremia levels were 15–40 times
higher (peak titer 71 genomes�ml at week 3) than previously
observed after infection of chimpanzees with the uncorrected
clone. The region spanning position 7106 was amplified from feces
collected during week 2 from chimp 96A007. In contrast to the
genomes recovered from each of the chimps inoculated with the
unmodified clone, the 224-nt-long sequence obtained after infec-
tion with the corrected genome was identical to that of the cDNA
clone used for transcription. The appearance of hepatitis and the
normal time to seroconversion suggested that the virus encoded by
the corrected cDNA clone, pSK-HEV-2, was more virulent than
that from the clone containing the 7106 mutation.

Comparison of Infection in Rhesus Monkeys and Chimpanzees Trans-
fected with the Modified Clone. To confirm that the virus from the
corrected clone, pSK-HEV-2, was robust and to determine
whether rhesus monkeys could be infected with it, additional
transfections were performed. Identical aliquots of capped
transcripts were inoculated intrahepatically into two rhesus
monkeys and into two additional chimpanzees. A batch of
uncapped transcripts synthesized with the same reagents in a
parallel reaction in which the m7G cap analogue was replaced
with GTP was similarly inoculated intrahepatically into two
other chimpanzees to determine whether the cap structure was
required for infectivity. The two RNA preparations appeared to
be identical when examined by agarose gel electrophoresis (Fig.
2) except, as expected, slightly more RNA was synthesized in the
reaction containing GTP in place of the cap analogue.

Both rhesus monkeys and both chimpanzees injected with the
capped transcripts became infected, and all four animals serocon-
verted to anti-HEV (Table 1). Chimpanzees 1620 and 1619 became
antibody positive at weeks 6 and 7 posttransfection, respectively.
Chimpanzee 1620 experienced a slight elevation of serum ALT
around the time of seroconversion when hepatitis would normally
occur, but the elevation above baseline was less than the 2-fold
elevation indicative of hepatitis. Viremia was detected only at week
5 (18 genomes�ml). Chimpanzee 1619 had an ALT level exactly
twice the preinoculation level, suggesting that it had mild hepatitis
and that it had viremia during weeks 5 and 6 (10 and 5 genomes�ml,
respectively). Similarly, rhesus monkey 624 seroconverted at week
5, and rhesus 622 seroconverted at week 8 posttransfection. Rhesus
624 developed significant hepatitis, with a serum ALT level 4.8
times and an isocitrate dehydrogenase (ICD) level 4.4 times above
baseline at week 5, the time of seroconversion. This animal had the
longest period of viremia (4 weeks) and the highest titer of virus
(16,900 genomes�ml) of the four animals in this experiment. Rhesus
622 had a milder hepatitis, with peak serum ALT and ICD levels
just slightly 2-fold above baseline the week before seroconversion.
Although viremia was detected in this animal during weeks 5–7,
peak titer reached only 126 genomes�ml.

The region surrounding the silent mutation at position 286 was
amplified from the serum of all four animals. In each case, the
mutation was present, thus confirming that the virus replicating
in each animal originated from the cDNA clone. The 224-nt-long
region preceding the poly(A) tail was also amplified and se-
quenced. Once again, in contrast to our detection of mutations
in virus recovered from chimps 1603 and 1609, which were
transfected with the uncorrected virus clone, mutations were not
detected in viruses recovered from any of the four animals, and
the consensus sequences of the recovered viruses were identical
to that in the pSK-HEV-2 cDNA clone.

Uncapped Transcripts Are Not Infectious. The two chimpanzees
inoculated with uncapped transcripts were followed for 20
weeks. Neither chimpanzee became infected, because they nei-
ther developed hepatitis nor seroconverted to anti-HEV.

Discussion
RNA transcribed from the two cDNA clones of HEV described
herein, which differed by two nucleotides, was infectious for
chimpanzees, but the two clones encoded viruses with quite
different phenotypes. Transcripts from the clone pSK-HEV-3,
containing a T at position 7106, were not able to infect rhesus
monkeys after intrahepatic inoculation but were able to infect
chimpanzees. However, the virus was apparently attenuated:
hepatitis was not observed in either of the chimpanzees infected
with this virus, and the 14-week incubation period preceding
seroconversion was prolonged compared with the 3–5 weeks
observed previously after infection with wild-type Sar-55 virus
contained in clinical samples (22).

In contrast, transcripts from the pSK-HEV-2 cDNA clone, in
which the T at position 7106 had been mutated back to the G
present in the wild-type strain, produced virus with wild-type
phenotype. Whereas the genomes from the unmodified clone
were unable to infect rhesus monkeys, the genomes transcribed
from the modified cDNA clone infected each of two inoculated
rhesus monkeys, and both monkeys developed hepatitis. One
rhesus monkey seroconverted at 5 weeks postinoculation and the
other at 8 weeks. The time to seroconversion in these two

Fig. 2. Ethidium bromide agarose gel of 5 �l of capped (Left) or uncapped
(Right) RNA transcribed in vitro from pSK-HEV-2.
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transfected rhesus monkeys was similar to those observed pre-
viously when the Sar-55 virus in a clinical sample was titrated in
cynomolgus macaques, a species used interchangeably with
rhesus macaques for HEV studies (16). The titration study
demonstrated that time to seroconversion increased as the dose
of virus was decreased, but the severity of hepatitis generally
decreased as the dose was decreased. However, severity usually
remained in the mild to moderate range even after inoculation
with a large dose of virus. Small amounts of wild-type virus could
infect animals in some cases without causing disease, consistent
with the absence of elevated serum liver enzymes in chimp 1620.
In the titration study, the greatest 10-fold dilution that still
infected monkeys resulted in seroconversion in the two inocu-
lated monkeys at weeks 8 and 11, respectively, but hepatitis was
not observed: inoculation of 100 times more virus caused
seroconversion in each of two monkeys at 5 weeks postinocula-
tion and mild hepatitis in one of the monkeys.

Data from the chimpanzee infections further suggested that
the virus produced from the corrected clone, pSK-HEV-2, had
a wild-type phenotype. Two of the three inoculated chimpanzees
(96A007 and 1619) developed hepatitis, and all three chimpan-
zees seroconverted to anti-HEV between 5 and 7 weeks post-
transfection, the time expected on the basis of studies of
wild-type Sar-55 virus.

Together, the data indicated that the T mutation at position 7106
was detrimental and attenuated the virus. This attenuation oc-
curred even though the mutation, which was in the coding region
of the capsid protein, did not change the encoded amino acid.
Therefore, the mutation must be located within a cis-reacting
element. The very high degree of nucleotide conservation in the
region surrounding the mutation lends support to this conclusion.
On the basis of in vitro studies, Agrawal et al. have suggested that
the 3� region of a number of genotype 1 strains (including the
Pakistani strain Sar-55) forms a stem–loop structure that is impor-
tant for binding of the RNA polymerase (26). The introduced G to
T mutation in our pSK-HEV-3 cDNA clone is located in a
short-stem structure in their model (Fig. 3 A and B).

Computer predictions of the 3� RNA structure are shown for
the original genomes and those recovered from the transfected
animals (Fig. 3). The new mutation that was selected during
replication of the virus in chimp 1609 changed a C residue to an
A, with the result that it restored the identical 3� structure as
predicted for wild-type, except that a G�C base pair was replaced
with a U�A base pair (Fig. 3C). Selection of this particular
‘‘compensatory’’ mutation strongly suggested that this putative
stem was important. The new mutation selected by passage of the
virus in the second chimpanzee, chimp 1603, is more difficult to
interpret. This G to A mutation would eliminate a G�C base pair
predicted by the folding program but not confirmed by chemical
probing of in vitro transcripts of the Indian strain (26). However,
the new mutation would alter the predicted structure of the
Sar-55 strain by removing three bases from a loop just upstream
of the mutated site (Fig. 3D). Because this mutation was selected
for, it most likely provided a positive replicative advantage. It
could be speculated that chimp 1603 had detectable viremia and
fecal shedding for only half as long as did chimp 1609, because
the new mutation in this case only partially restored the robust-
ness of the virus. That new mutations were not selected in this
region in genomes recovered from any of the five animals
infected with virus encoded by the corrected clone pSK-HEV-2
suggested the sequence of this clone was optimal for infection of
these animals.

The HEV genome within virions has a m7G cap at its 5� end,
and the HEV genome apparently encodes the guanyltransferase
and methyltransferase enzymes required to cap the viral RNA
(12–14). These data, taken in conjunction with the demonstra-
tion that capped Sar-55 transcripts infected chimpanzees,
whereas uncapped transcripts did not, suggested that a cap is

required for viral viability. The in vivo transfection results
provide an explanation for the failure of Panda et al. (19) to
infect rhesus monkeys with HEV transcripts from an Indian
strain, because they used only uncapped transcripts. However, it
is not clear how they were able to infect cultured Hep G2 cells
with uncapped transcripts. We have not been able to infect this
cell line with any of seven well-characterized strains of HEV we
have tested and, thus far, we have not been able to transfect Hep
G2 cells with either capped or uncapped transcripts of the
pSK-HEV-2 clone (data not shown).

The generation of a cDNA clone of HEV that is able to infect
primates provides an opportunity to study the relevant molecular
biology of this virus. The ability to use rhesus monkeys rather
than chimpanzees is advantageous, because rhesus monkeys are
less expensive and easier to manage than are chimps, and some
wild rhesus monkeys have antibody to HEV, suggesting that they
are a natural host for HEV. Thus, the identification of a
cis-reacting element and of an attenuating mutation within it
provide an opportunity to study attenuation of this virus in one
of its natural hosts.

This work was supported in part by National Institute of Allergy and
Infectious Diseases Contract No. 1-AO-02733.

Fig. 3. RNA structure of the 3� end of Sar-55 genomes as predicted by MFOLD.
Sequences are numbered according to pSK-HEV-2. The sequence between
nucleotides 7082–7208 was analyzed, but only nucleotides 7087–7161 are
shown: the excluded region had the identical structure in all four cases, but
nucleotide 7181, located in a 3-base loop, was a U in SK-HEV-2 compared to a
C in the other three cases. (A) SK-HEV-2 (wild-type) sequence; (B) SK-HEV-3
with G to U substitution at nucleotide 7106; (C) sequence recovered from
chimp 1609; (D) sequence recovered from chimp 1603. Arrow, new mutation;
box, base-pairing affected by new mutation; *, base-paired in wild type;
underlined, translation termination codon (7125–7127).
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